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Abstract 
This work addresses the use of humidity controlled ventilation with high buffering capacity building envelope. The humidity 
controlled ventilation rate is associated to the level of moisture in rooms. This paper fits into the idea of reducing the building 
energy consumption by reducing the duration of air ventilation rate which is usually quite high. This solution is not without 
consequences on building because it presents a risk of deterioration of indoor air quality (e.g. non evacuation of VOC) and 
apparition of mold. This paper aims to enhance water inertia of building walls in order to reduce the ventilation rate and study the 
risk associated with moisture excess. It is achieved for different scenarios of in-house production of vapor which can be met in 
reality and for different cases. 
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1. Introduction 
Building sector is responsible in France for more than 43% of energy consumption and 23% greenhouse gas 
emissions [1]. It is an important source of energy saving and greenhouse gas emission reducing. As such, the thermal 
regulations are constantly evolving to become more demanding in terms of performance [2]. One of the approaches to 
decrease energy consumption of building, especially in the case of building retrofitting, is to analyze its consumption 
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items and to provide a strategy to reduce them keeping the building comfortable and safe. Thus, if we consider heat 
loss due to mechanical ventilation we see that there are many ventilation strategies to reduce the ventilation rate 
depending on the level of concentration of pollutants in the indoor air. 
Koffi et al. [3,4] compared ventilation strategies including : Extract-only mechanical ventilation, Balanced 
mechanical ventilation, Relative-humidity-sensitive ventilation and natural ventilation. The impact of air infiltration 
has been taken into account. It has been shown that air permeability of the envelope has an important impact on the 
aeraulic efficiency of mechanical ventilation. Yassine et al. [5] investigates design features that can potentially reduce 
the energy consumption while maintaining appropriate thermal comfort levels in typical residential buildings. The 
analysis revealed that a combination of a massive wall made of elements with high buffer capacity can reduce the 
operational cost of the house. These studies considered a simplified buffer model to describe the interactions between 
the ambient air and the envelope. Many simplified models can be used to assess buffer capacity [6–8]. These models 
enable qualitative comparison of enclosures according to interior moisture buffering. However they are not adapted to 
give quantitative information on the impact of hygroscopic materials especially with real moisture loadings that don’t 
meet the test conditions even more when sorption isotherm is highly nonlinear.  
Hameury [9] studied the buffer capacity of a timber structure using a detailed model for the envelope but focusing 
only on air quality. Woloszyn et al. [10] studied the effect of combining a relative-humidity-sensitive (RHS) 
ventilation system with indoor moisture buffering materials. The results from simulations demonstrate that RHS 
ventilation reduces the spread between the minimum and maximum values of the RH in the indoor air and generates 
energy savings. This same study also confirmed that the use of moisture-buffering materials is a very efficient way to 
reduce the amplitude of daily moisture variations. This paper focuses on the ability of simulation models to assess the 
buffer capacity of a system. The study concerned only one room of 19.3 m² area.  
In this paper we propose to use the buffer capacity of the envelope as a part of an overall strategy to reduce 
mechanical ventilation rate during winter. This approach is also expected to see the impact of the buffer capacity of 
the envelope on residential buildings in terms of: heat loss, ambient air relative humidity and condensation risk in the 
envelope.  
 
Nomenclature        index 
A wall area [m²]       ext external  
Cp effective heat capacity [J/(kg.K)]     int internal 
Dm moisture diffusion coefficient [m²/s]    i surface index 
hm convective vapour transfer coefficient [m/s]    s surface 
Lvl specific latent heat     
Md dry air mass flux [kg/s]       
mv vapour mass in the internal ambient air [kg]     
Sv vapour source 
T temperature [°C] 
t  time [s] 
λ Thermal conductivity [W/(m.K)] 
ω humidity ratio [kg/kg] 
ρd dry density [kg/m3] 
ρv vapour concentration [kg/m3] 
ρm Water content [kg/m3] 
σ Ratio between the flow of water vapour and the total mass flow 
 
2. Case study 
To evaluate the impact of the envelope buffering capacity, a residential building composed of high hygroscopic 
materials is considered. The building named “MARIA” is described in [3]. It is an experimental building which has 
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been the subject of several studies. In our study, the key geometric parameters are the building volume and the inner 
surface of the envelope that are 320 m3 and 310 m² respectively. Vapor sources and nominal ventilation rate 
corresponds to a building occupied by 2 adults and 3 children. A heating system ensures an internal ambient air 
temperature about 19°C. Indoor relative humidity varies depending on vapor source, buffering capacity of the 
envelope, and the ventilation system. Different types of ventilation can be found in [11]. Two ventilation systems have 
been considered. The first, called VMC, is a invariable with a nominal ventilation rate of 210 m3/h. The second 
ventilation system, called VMC hygro b, has an adjustable flow rate according to the indoor relative humidity. Figure 
1 shows its operating conditions.  
 
 
Fig. 1. Flow rate as a function of relative humidity of indoor air for the VMC hygro b system 
The building envelope is made up, from the inside to the outside, of 1.3 cm of hygroscopic plaster, 10 cm of fiber 
wood insulation and 10 cm of standard concrete. Sorption isotherms representing the capacity of these materials to 
store water vapor is shown in figure 2. At 60% relative humidity, hygroscopic plaster is capable to adsorb more than 
20 kg/ m3 of water which corresponds to a total volume of 80 l of water for the whole volume of hygroscopic plaster 
constituting the wall. 
 
 
Fig. 2. Sorption isotherms of the components of building envelope 
3. Modeling Approach 
The most adapted approach to model this building and to evaluate its performance at a long time scale is the nodal 
approach [3,4,7,9,10,12]. This one assumes a well-mixed air in the zone and thus a homogeneous state described by 
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only a set of independent state variables in the node. Equation (1) represents moisture balance equation of internal air. 
It considers moisture movement by ventilation, vapour source and the interaction between ambient air and the 
envelope. 
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To describe the heat and mass transfer of the fibrous wall, a model based on Luikov approach has been used [12–
15]. It consist of moisture and heat balance equations (2) and (3). It uses continuous moisture potential which is vapour 
concentration. It considers moisture diffusion and storage (expressed via sorption isotherm), heat diffusion and 
condensation evaporation.  
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4. Results 
In order to understand the interaction between ventilation systems and the moisture buffer capacity of the envelope 
we performed hygrothermal simulations of the building described above. The study is realized for the city of Lyon for 
the month of January. The temperatures vary between -7 and 13°C and relative humidity is always over 60%. This 
climate is moderate in terms of vapour concentration in the air. The internal vapour source corresponds to a building 
occupied by one family (see figure 3, right) 
 
 
Fig. 3. (left) Relative humidity of ambient air; (right) Vapor source and Vapor flux exchanged with the envelope. 
Four cases have been considered:  
x Extract-only mechanical ventilation (VMC). 
x Relative-humidity-sensitive ventilation (VMC hygro) 
x Extract-only mechanical ventilation with interaction with the envelope (VMC + buffer) 
x Relative-humidity-sensitive ventilation with interaction with the envelope (VMC hygro + buffer) 
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Figure 3-left presents the evolution of relative humidity for a typical winter period. Relative humidity for VMC 
hygro ventilation is greater than the other cases because lower quantity of moisture is extracted since the flow rate is 
lower. The moisture buffer capacity of the envelope decreases drastically the variation of the relative humidity 
amplitude. It is the consequence of the use of high hygroscopic materials. The vapour flux exchanged with the 
envelope represents more than 70% of the vapour source during the high moisture production sequence (see figure 3-
right). The envelope regulates the relative humidity of ambient air. It adsorbs moisture during high production and 
desorbs for low production. Indeed figure 3-right shows that the vapour flux is positive or negative depending on the 
air state and thus the level of moisture production.  
 
 
Fig. 4. (left) dimensionless flow rate for the different cases; (right) Heat loss due to air exchange. 
The use of highly hygroscopic wall modifies the relative humidity and therefore affects the operating conditions of 
VMC hygro. Figure 4-left shows the ratio between the air flow rate for a given ventilation system over the air flow 
rate for the VMC ventilation system. Due to the attenuation of relative humidity of ambient air for high hygroscopic 
walls the air flow rate of VMC hygro b is about 40% of the VMC one. This result has a double impact:  
x A decrease of heat loss due to air exchange (see figure 4-right). It represents around 70% decrease for the whole 
month of January. 
x  A potential deterioration of the ambient air quality due to the excess of other pollutants such as CO2. A particular 
attention should be paid to other pollutants 
 
Fig. 5. Profiles for the whole month of January: (left) relative humidity; (right) water content. 
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The water vapour adsorbed may condense in the wall. That is why it is important to check relative humidity inside 
the wall. Figure 5-left displays relative humidity profiles for the whole month of January. It appears that there is no 
condensation risk. Figure 5-right shows the water content profiles for the same period. We notice a discontinuity 
between wall components which translate the fact that for a same relative humidity the water content is not the same 
according to the considered material. In addition, we can notice that the hygroscopic plaster can store between 15 and 
20 kg/m3 of water. Thus, it plays an important role in the attenuation of the indoor relative humidity. 
5. Conclusion 
This work addresses the use of humidity controlled ventilation with high buffering capacity building envelope to 
reduce heat loss due to air exchange. In order to see the impact of high hygroscopic materials a model was developed 
considering heat and mass balances in the air and the envelope. It allowed as simulating a real occupied building for 
specific conditions: high vapour production inside the building and high hygroscopic materials. 
The impact of the high hygroscopic wall was evaluated in terms of air quality through the evolution of the relative 
humidity in ambient air; energy efficiency through the flux lost by air exchange; condensation through the evaluation 
of the relative humidity profiles in the wall. The article showed a significant impact with mitigation of changes in 
relative humidity; up to 70% energy savings on January due to a lower flow rate exchange. Furthermore, no risk of 
condensation in the wall was established. 
Nevertheless, it is essential to consider other pollutants in the air and to try to consider the same principle: use of 
buffering or filtering components for a considered pollutant.  
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